Introduction
TIGF (Total Installation Gaz France) operates the Izaute gas storage, located in South West of France approximately 60 km north of Pau, on behalf of GDF (Gaz de France). Izaute constitutes a domestic buffer since 1981, filled throughout the summer months and depleted during winter. The reservoir type is Eocene unconsolidated sandstone and locally shaly. The average porosity is around 30% to 35%, for a permeability ranging between 6 to 20 Darcy. The reservoir area is about 20 km2, the top structure lies at a depth of 510 m with respect to the ground level. At the Izaute well (IZA 102) its thickness is 58 m. The total seasonal variation of the gas-water contact is 24 m. Ten production/injection wells and fourteen observation wells have been drilled. In particular, the IZA 102 observation well has been instrumented with a new generation of Weatherford fiber optic permanent 3C sensors, disposed on five levels every ten meters between 280 and 320 m (Blanco et al., 2003) .
The site has been chosen to be a geophysical laboratory for benchmarking hardware, testing methodologies and acquisition parameters. The main reason is that the site is well suited for the appraisal of time lapse methodologies, as the reservoir variations between summer and winter are perfectly repeatable from one year to another. At the same time, detecting the movement of the gas bubble poses a severe challenge to time lapse geophysics. Indeed, simulations of the behavior of the three portions of the reservoir (gas dominated, water dominated and pure water) between the depleted and filled states can be summarized as follows. In the upper portion, about 10 m thick at IZA 102, the acoustic velocity variation induced by pore pressure change leads to a maximum variation of the acoustic impedance of 5%. In the mid section, 30 m thick, pore pressure and saturation have opposite effects on the seismic velocity. The variation of the reflection coefficient associated with the variation of the gas-water contact is almost negligible (of the order of 1%), while an AVO anomaly at large offsets is induced by a density variation of the order of 7%. Below, in the 100% water filled section, 18 m thick, the pressure variations can be felt over kilometers at the reservoir level. From a kinematical point of view, ray tracing simulations show that the transit time variation in the upper part of the reservoir due to GWC change does not exceed 100 µs per month, resulting in an overall effect of the order of (or less than) 1 ms between the two extreme states of the reservoir. When the name of the game is localizing the GWC, the time lapse signal to be extracted is very weak.
The geophysical experiments carried out at Izaute include time lapse gravimetry (Bate, 2005) , microseismicity and an attempt at time lapse EM (Wright et al, 2002) . The seismic time lapse experiments focused on 2D acquisition. The seismic geometries were designed for surface-to-borehole and surface-to-surface acquisitions. The receivers included digital fiber optics, digital 3C IO Vectorseis and Sercel DSU, standard geophones and specially designed hydrophones. The seismic sources included light piezoelectric permanent vibrators (deployed at the surface 
Field operations
The first surface to borehole walkaway was recorded in 2002 using a M22 vibrator and the array of fiber optic 3C receivers. At the same time, 2 receiver lines (one involving standard geophones, the other 3C Vectorseis) were recorded.
In 2003 In July 2004 a new walkaway survey was recorded using the Nomad 65 and a modified fiber optic array designed to attenuate the mud wave present at short offsets. In situ repeatability data were acquired on this occasion. Table 1 displays some of the acquisition parameters and sweep types tested during the various surveys. During the month of April 2004 an attempt at monitoring the possible changes in the reservoir was made by continuously repeating one seismic shot. Since the reservoir is shallow, two light piezoelectric sources (Meunier et al., 2001) were used together with a fixed recording array made of geophones and specially designed hydrophones. One source was located at the surface, while the second was cemented at a depth of 44 m at the observation well IZA 102. In particular, the geophone array consisted of 22 sensors buried at a depth of 15 m and forming an array of 918 m long with the buried source in the middle. Sixty sweeps of each source were vertically stacked, producing one shot every hour. About three weeks of permanent recording was made available to analysis. 
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Discussion
Irrespective of the particular geometry, when the 4D expected signal is weak, it is reasonable to expect seismic repeatability to be the factor impacting most the data processing and therefore the results of the time lapse survey. Repeatability is often mentioned, but seldom measured. In this respect, figure 1 displays unexpectedly low repeatability values (in terms of NRMS) observed on the fiber optic vertical array from one sweep to the next at an offset of 717 m. This is indeed a matter of concern as these low repeatability values are observed with the Nomad 65 vibrating on the concrete road, the experimental conditions seeming to exclude compaction effects. Ignoring positioning errors, it should be noted that in general the non repeatability affecting the 2002 and 2003 time lapse surveys at Izaute can be even higher due to changes in the weathered zone between summer and winter. Figure 2 illustrates the seismic repeatability from one hour to the next at a geophone 426 m offset from the buried source. When the source is located at the surface, variations in travel time due to near surface conditions cannot be excluded. Figure 3 illustrates an example of possible contamination at a particular geophone of the signal by ground roll, just below the reservoir.
It is easy to imagine the implications of an intrinsic low repeatability not accounted for at the processing stage on the final images, when the expected 4D signal is very weak.
Detection of a transit time anomaly smaller than one millisecond on standard time lapse seismic requires high coverage, good knowledge of the velocity field and a repeatability allowing the expected time lapse signal to be measured. It also requires frequencies high enough to resolve thin beds, frequencies seldom achieved in standard land seismic. The surface to borehole geometry is able in principle to deliver high resolution data. At Izaute, the surface to borehole geometry designed to detect a time lapse AVO anomaly, relies heavily on amplitude repeatability and good signal to noise ratio at all offsets. When all requirements concerning the frequency bandwidth and coverage are met, cross equalization should account, among others, for the non repeatability of the acquired data. The smaller the expected time lapse signal, and the more care should be taken with the cross equalization process at the processing stage.
The most straightforward approach to monitoring is the continuous recording with a geometry characterized by a fixed source and a fixed array of sensors. This tempting approach trades coverage for frequency and a dense sampling of the calendar time axis with a minimal cost. At Izaute the spectral bandwidth exceeds 200 Hz. The main problem is that single fold geometries do not have the possibility of filtering coherent noises (ground roll, shear waves generated at the source, converted waves, multiples…). Transit time at the reservoir level can be computed on calendar time gathers at each geophone, provided that the positions in time of the top and bottom of the reservoir are well known, that coherent noises do not invade the area of interest and that the repeatability allows meaningful information to be extracted. Of course, these conditions are rarely met. Even with the best knowledge of the geology, time positioning of the layers of interest with an accuracy of a few milliseconds is impossible. On the other hand a lot of events are found in the target area and their origin is often unknown. Undesired effects due to non repeatability have to be corrected for by processing. However, processing can also lead to unstable and unreliable results. It follows that some measure of the possible error should be defined. The figure 4 illustrates such an error estimation, for a period of 5 calendar days on the whole geophone array. The error is defined at each time sample and gives some confidence to transit time and amplitude variations at the horizons of interest.
Conclusions
The detection of weak (or very weak) time lapse effects is a difficult problem in the onshore environment. In this respect the detection of the WGC displacement at the Izaute gas storage field represents a true geophysical challenge. One of the problems that has to be handled by processing is the accounting for the inherent non repeatability of the seismic signal in the noisy context of this field. In situ measurements of repeatability are available among the wealth of seismic information recorded at Izaute.
These measurements show that repeatability is a matter of concern. Extra care is taken at the cross equalization stage in order to extract the minute signal sough when processing standard time lapse geometries at Izaute. An attempt at continuously monitoring the reservoir changes has also been made. In this context, accounting at the processing stage for the presence of coherent noises and for the events non repeatability is crucial, but also risky. We believe that the definition of a confidence threshold is essential to producing a plausible image of the reservoir changes.
